G-CSF-mobilized peripheral blood mononuclear cells added to marrow facilitates engraftment in nonmyeloablated canine recipients: CD3 cells are required  by Zaucha, J.Maciej et al.
613B B & M T
INTRODUCTION
Recent studies have indicated that high-risk patients
receiving granulocyte colony-stimulating factor (G-CSF)–
mobilized peripheral blood mononuclear cells (G-PBMCs)
in place of marrow as a source of allogeneic hematopoietic
stem cells after myeloablative conditioning regimens experi-
ence a survival advantage [1,2] as well as faster platelet and
neutrophil recoveries [2-4]. Although the faster engraftment
kinetics have been associated with increased numbers of
CD34 cells, the biological basis for the survival advantage is
less clear. Considerable effort is now focused on both quali-
tative and quantitative comparisons of these 2 stem cell
sources to understand their differences and thereby opti-
mize stem cell products.
These efforts have shown that immunobiologic proper-
ties of G-PBMC products differ from marrow grafts [5].
Studies in mice demonstrated that G-PBMC reduces severity
of acute graft-versus-host disease (GVHD) [6]. T lympho-
cytes of dogs treated with recombinant canine G-CSF were
found to be hyporesponsive when assayed in the mixed lym-
phocyte cultures and with concanavalin A [7]. Early reports
from human studies showed that despite the approximately
1- to 2-log increase in the number of T lymphocytes present
in G-PBMC products, the risk of acute GVHD was no
greater with G-PBMC than with conventional HLA-identical
sibling marrow grafts [8-10]. Postgrafting immunosuppres-
sion could in part explain this ﬁnding; however, in vitro stud-
ies showed that G-CSF stimulation changed the function of
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ABSTRACT
Stable mixed donor/host hematopoietic chimerism can be uniformly established in dogs conditioned with 200 cGy
TBI before dog leukocyte antigen (DLA)-identical marrow transplantation and immunosuppressed with a short
course of mycophenolate mofetil (MMF) and cyclosporine (CSP) after the transplantation. A further decrease in the
TBI dose to 100 cGy or the elimination of MMF in this model results in graft rejection. Here we asked whether the
addition of G-CSF–mobilized peripheral blood mononuclear cells (G-PBMC) to marrow grafts would enhance
donor engraftment in dogs conditioned with 100 cGy TBI and given postgrafting immunosuppression with CSP
alone. Using this model, 7 of 9 dogs given only marrow cells rejected their grafts within 8 to 17 weeks after trans-
plantation. In contrast, the addition of unmodified G-PBMC to marrow grafts resulted in stable mixed donor/host
chimerism in 5 of 8 dogs studied (P = .06). However, addition of the CD3-depleted fraction of G-PBMC, which con-
tained both CD34 cells and CD14 cells, resulted in engraftment in only 1 of 7 recipients. We conclude that adding
G-PBMC to marrow grafts replaced the requirement of MMF and 100 cGy of TBI, and that CD3 cells were
required to facilitate engraftment of marrow cells in DLA-identical recipients, whereas the additional CD34 cells
present in G-PBMC were not sufficient for this effect.
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T cells. Speciﬁcally, lymphocytes from G-PBMC products
are polarized toward T helper 2 cells [11,12] and are hypore-
sponsive to alloantigen and mitogen stimulation [13,14].
Additional studies indicated that the impairment of
T-cell proliferative responses was associated with decreased
induction of the CD28 response complex following T-cell
receptor stimulation [15]. This in turn was mediated by the
large population of CD14 cells present in G-PBMC grafts
[16]. The CD14 cells were found to secrete increased
amounts of interleukin-10 (IL-10), which inhibits T-cell
proliferation and γ interferon production. The CD14 cells
also have reduced expression of HLA-DR, as well as B7.2
(CD86), a costimulatory molecule needed for T-cell activa-
tion [17]. Based on these findings, we hypothesized that
G-PBMC might provide immunosuppressive effects in vivo
that could inhibit both graft-versus-host and host-versus-
graft reactions, thereby facilitating alloengraftment after
nonmyeloablative hematopoietic stem cell transplantation.
To test this hypothesis, we used an established canine
transplantation model of dog leukocyte antigen (DLA)-
identical littermate marrow grafts in which the end point of
transplantation, stable mixed donor/host hematopoietic
chimerism, can be established after nonmyeloablative con-
ditioning. Specifically, mixed chimerism can generally be
achieved using a sublethal exposure of 200 cGy total body
irradiation (TBI) before and a combination of the immuno-
suppressive agents mycophenolate mofetil (MMF) and
cyclosporine (CSP) after marrow transplantation. Decreas-
ing the TBI dose to 100 cGy or eliminating the MMF in
this model resulted in graft rejection within 12 weeks [18].
Here, we used the canine model to ask whether the addi-
tion of G-PBMC to marrow facilitated the establishment of




Litters of random-bred dogs were raised at the Fred
Hutchinson Cancer Research Center (FHCRC) or pur-
chased from commercial kennels licensed by the US Depart-
ment of Agriculture. The dogs weighed from 6.5 to 16 kg
(median, 14.9 kg) and were 6 to 15 months (median,
9 months) old. Dogs were observed for disease for at least
60 days before entering the study. All were immunized for
leptospirosis, papillomavirus, distemper, hepatitis, and par-
vovirus. Research was conducted according to the principles
outlined in the Guide for Laboratory Animal Facilities and Care
(National Academy of Sciences, National Research Coun-
cil), and the Institutional Animal Care and Use Committee
of the FHCRC approved the research protocol. Kennels
were certiﬁed with the American Association for Accredita-
tion of Laboratory Animal Care. Littermate donor/recipient
pairs were chosen on the basis of DLA identity for highly
polymorphic major histocompatibility complex (MHC) class
I and class II microsatellite markers [19], as well as sequenc-
ing for canine DLA DRB1 genes [20].
Study Design
The day of hematopoietic stem cell grafting was desig-
nated as day 0. Marrow for transplantation was collected
from the donors on day –30 and cryopreserved as previ-
ously described [21]. On days –5 to 0, donors were treated
by subcutaneous injection with recombinant canine G-CSF
(gift from Amgen, Thousand Oaks, CA) at 10 µcg/kg per
day. Leukaphereses were performed on day 0 using arterio-
venous shunts and a continuous flow blood separator
(CobeSPECTRA, Cobe Laboratories, Lakewood, CO) [7].
On day 0, recipients were given a single dose of 100 cGy
TBI delivered at 7 cGy/min either from 2 opposing cobalt-
60 sources [22] or a high-energy linear accelerator (Varian
CLINAC 4, Palo Alto, CA). Both sources were calibrated
to deliver 7 cGy or 9.3 R per minute and were shown to
have the same biological effect on granulocyte and lympho-
cyte counts in dogs that did not receive transplantations.
Three groups of recipients were studied. Control recipients
in group 1 received marrow cells only. Recipients in group 2
received unmodiﬁed G-PBMC in addition to marrow cells.
Recipients in group 3 received CD3-depleted G-PBMC in
addition to marrow cells. Postgrafting immunosuppression
consisted of CSP only, 15 mg/kg twice daily orally, on days –1
to 35. Blood CSP levels were measured on days 7 and 21 to
ensure that adequate immunosuppression was achieved in
all recipients. CSP levels were measured using the Cyclo-
sporine Monoclonal Whole Blood Assay (Abbott Laborato-
ries, Abbott Park, IL) involving a ﬂuorescence polarization
[23]. Dogs with poor compliance to the liquid formulation
of CSP (a gift from SangStat Medical, Menlo Park, CA)
were given CSP in gel capsules (Neoral, Novartis Pharma-
ceutical, East Hanover, NJ). All dogs were given standard
postgrafting care that included twice-daily oral nonab-
sorbable antibiotics, neomycin sulfate and polymyxin sul-
fate combined with systemic enrofloxacin (Baytril), from
day –5 until hematopoietic recovery from radiation nadirs
occurred. The clinical status of the dogs was assessed
twice daily. The end point of the study was the incidence
and duration of mixed hematopoietic chimerism. Upon
completion of the study, dogs were euthanized, adopted, or
transferred to other studies. When euthanized, they under-
went complete necropsies with histological examinations of
tissue samples.
Cell Selection
Cell selection was performed using the CliniMACS
system (Miltenyi Biotec, Auburn, CA). G-PBMCs were
resuspended in Hank’s Balanced Salt Solution supple-
mented with 2% heat inactivated horse serum (HBSS/2%
HS) and centrifuged at 200g for 6 minutes to remove
platelets. For CD3 selection, cells were stained with a
canine-specific biotin conjugated anti-CD3ε monoclonal
antibody 17.6F9 [24] (kindly provided by Dr. Peter F.
Moore, UC Davis, Davis, CA) for 20 minutes at 4°C. After
incubation, cells were washed with HBSS/2%HS followed
by Miltenyi buffer (phosphate-buffered saline without Ca2+
or Mg2+ and 1mmol/L EDTA) supplemented with 0.5%
biotin-free bovine serum albumin (Sigma, St. Louis, MO)
and stained with 100 µL/108 cells streptavidin microbeads
(Miltenyi Biotec) for 20 minutes. Cells were filtered
through a 40 µm PALL filter (PALL Biomedical, Fajardo,
PR) prior to being loaded onto the selection column.
Depletion program 1.1 was used. Median CD3 depletion
efficiency was 1.5 (1.1–2.0) log.
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Cell Enumeration
Marrow and G-PBMC products were assessed for
CD3, CD34, and CD14 cell content by flow cytometry
FACScan (Becton Dickinson, San Jose, CA) on the day of
collection. CD3 cells were stained with the fluorescein-
conjugated 17.6B3 antibody (provided by Dr. Peter Moore,
UC Davis, Davis, CA) that recognizes a distinct CD3 epi-
tope from 17.6F9. CD34 cells were stained with the canine-
specific 1H6 antibody [25] (generous gift of Dr. Richard
Nash, FHCRC, Seattle, WA). CD14 cells were stained with
unconjugated TUK4 (anti-CD14, DAKO, Carpinteria,
CA), which cross-reacts with canine monocytes [26]. The
absolute numbers of CD3, CD34, and CD14 cells infused
were calculated by multiplying the percentage of each cell
subset by the total number of nucleated cells quantiﬁed by
an automated leukocyte counter (Sysmex E 2500, Kobe,
Japan). The numbers of infused marrow CD3, CD14, and
CD34 cells were corrected by the percentage of cells recov-
ered after thawing.
The total numbers of cells infused from G-PBMC
were adjusted in group 2 to maintain a CD3 cell dose of
approximately 2 × 108/kg. In the CD3-depleted group, the
primary objective was to infuse high numbers of CD34
cells. Therefore, the total cell doses infused in the CD3-
depleted group were deliberately higher compared to the
calculated doses of non-CD3 cells given to recipients of
unfractionated G-PBMC.
Assessment of Engraftment and Chimerism
Marrow engraftment was assessed by sustained recover-
ies of granulocyte and platelet counts after the postirradia-
tion nadirs, by histologic features of the marrow from
biopsy specimens, and by documentation of donor cells in
the marrow, lymph nodes, and granulocyte and mononuclear
cell populations from the peripheral blood using polymor-
phic microsatellite markers in a polymerase chain reaction–
based assay [27]. The assay has the sensitivity to detect
donor or host cells to a level of 1% of the total cell popula-
tion. Graft rejection was defined as the disappearance of
donor cells and exclusive presence of host cells. Blood for
chimerism analyses was obtained weekly, and the cells were
fractionated by Ficoll-Hypaque gradient centrifugation.
Statistical Analyses
Data were presented as means ± 1 standard deviation. A
2-sample t test was used for comparing mean CD34, CD3,
and CD14 cell doses among study groups. The log-rank test
was used to determine statistical signiﬁcance of differences
between incidence and duration of mixed chimerism.
RESULTS
Cell Composition of the Grafts
Table 1 shows the mean total doses of CD34, CD3, and
CD14 cells infused in the 3 groups of dogs studied. Figure 1
shows the doses of CD34, CD3, and CD14 cells given to
each recipient. Dogs in group 2 (+ G-PBMC) received
signiﬁcantly more CD3 (P < .0001) and CD14 (P < .0001)
cells than did dogs in the control group. Dogs in group 3
(CD3-depleted) received signiﬁcantly more CD34 (P = .01)
and CD14 (P < .0001) cells than did the control group,
whereas the number of CD3 cells was similar (P = .34). The
differences in CD3 and CD14 cell doses between the control
group and study groups resulted from the addition of cells
from unmodiﬁed or fractionated G-PBMC. In contrast, the
CD34 cell doses were affected both by the variations in mar-
row CD34 cell numbers and the numbers of CD34 cells
added from unmodiﬁed or fractionated G-PBMC.
Engraftment
Unmodified Viable G-PBMC Facilitated Engraftment of
Marrow Cells. All 9 control dogs in group 1, given marrow
only, had initial engraftment as evidenced by mixed
donor/host chimerism, with donor contributions ranging
from 8% to 25% at week 5 posttransplantation (Figure 2).
Subsequently, 7 dogs rejected their grafts between 8 and
17 weeks and survived with complete autologous recovery,
whereas 2 dogs achieved stable mixed donor/host chimerism
lasting for more than 30 weeks (Table 2). All 8 recipients
given unmodified G-PBMC in addition to marrow also
showed initial engraftment with 30% to 80% donor granu-
locytes at week 5. Subsequently, 5 dogs developed stable
mixed chimerism for more than 30 weeks, whereas 3 dogs
rejected their grafts between 9 and 18 weeks. Log-rank
comparison of the duration of mixed chimerism in the con-
trol group to that in the G-PBMC group strongly suggested
that the addition of unmodified G-PBMC enhanced the
development of mixed chimerism (P = .06).
CD3-Depleted G-PBMC Fraction Failed To Enhance
Engraftment of Marrow Cells. 
Seven dogs received, in addition to marrow cells, CD3-
depleted G-PBMCs, which contained large numbers of
CD34 and CD14 cells. All 7 dogs engrafted. Subsequently,
1 dog developed stable mixed chimerism, whereas 6 rejected
Table 1. Total Mean CD34, CD3, and CD14 Cell Doses Infused in Each Group
Mean Cell Dose
Group CD34, × 106/kg ± SD P* CD3, × 108/kg ± SD P* CD14, × 108/kg ± SD P*
Group 1: control† 5.96 ± 3.65 — 0.31 ± 0.14 — 0.26 ± 0.1 —
Group 2: +G-PBMC 7.57 ± 4.68 .44 1.86 ± 0.53 <.0001 2.20 ± 0.63 <.0001
Group 3: +CD3 depleted 12.9 ± 6.03 .01 0.25 ± 0.09 .34 1.58 ± 0.32 <.0001
*Two-sample t test, results in groups 2 and 3 were compared to those of controls (Group 1).
†The control group received cryopreserved marrow only. Group 2 received unfractionated G-PBMC in addition to cryopreserved marrow.
Group 3 received CD3-depleted G-PBMC in addition to cryopreserved marrow. All recipients received 100 cGy TBI for conditioning and were
treated with cyclosporine A at a dose of 15 mg/kg orally b.i.d. from day –1 to day 35.
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their grafts between 8 and 18 weeks after transplantation
and survived with complete autologous recovery (Table 2).
Comparison of the duration of mixed chimerism between
the CD3-depleted and control group showed no signiﬁcant
difference (P = .70).
Donor Chimerism
In all dogs studied, the contributions of donor cells to
peripheral blood cell populations were greater in the granu-
locyte than in the mononuclear cell fractions (Figure 2).
Donor cells were seen as early as 2 weeks after transplanta-
tion, continued to increase until weeks 5 to 6 after trans-
plantation, and then either remained stable in dogs with
sustained grafts or began to decline in dogs that subse-
quently rejected the donor grafts. The percent of donor
chimerism at 5 weeks posttransplantation did not predict
the development of stable mixed chimerism when all recipi-
ents were considered together. However, percent donor
chimerism greater than 10% in mononuclear cells or 40%
in granulocytes was associated with stable engraftment in
group 2 dogs.
DISCUSSION
Previous studies have shown that donor engraftment is
achieved uniformly in dogs receiving DLA-identical marrow
grafts after myeloablative conditioning without the addition
of postgrafting immunosuppression [18]. In contrast, both
the type and duration of immunosuppression affected donor
engraftment after nonmyeloablative conditioning [18].
This study demonstrates that the composition of the stem
cell graft can also affect donor engraftment in nonmyeloab-
lated recipients. The addition of unmodiﬁed G-PBMCs to
marrow cells enhanced the development of stable mixed
hematopoietic chimerism tested in a stringent canine trans-
plantation model. Interestingly, it was previously reported
that viable steady-state PBMCs added to DLA-identical mar-
row grafts in dogs conditioned with 450 cGy did not enhance
allogeneic engraftment [28]. This ﬁnding suggests that the
function and consequently the effect of the G-PBMC product
in vivo may indeed be different from steady-state PBMCs
consistent with results from in vitro studies [7,13].
Figure 1. Total number of CD14, CD3, and CD34 cells infused into
recipients. The control group received cryopreserved marrow only. The
experimental groups received the indicated G-PBMC population (x axis)
in addition to the cryopreserved marrow. Gray bars indicate dogs that
remained stable mixed chimeras; white bars indicate dogs that rejected
their grafts. Dogs are listed in the same order in Figures 1 and 2.
Figure 2. Degree of donor chimerism in peripheral blood granulo-
cytes and mononuclear cells at week 5 after transplantation. Gray bars
indicate dogs that remained stable mixed chimeras; white bars indicate
dogs that rejected their grafts between weeks 8 and 18 after transplan-
tation. Dogs are listed in the same order in Figures 1 and 2.
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In vitro studies using both canine and human cells indi-
cated that T cells in G-PBMCs are hyporesponsive to
alloantigen stimulation [7,16]. Further studies using human
cells indicated that T-cell nonresponsiveness could be
attributed to the large numbers of monocytes present in the
G-PBMC product. These monocytes were also qualitatively
different in that they secreted increased amounts of IL-10
and had decreased expression of costimulatory molecules,
both of which served to reduce T-cell proliferative responses
[17]. Based on these observations, we hypothesized that
CD14+ monocytes may facilitate engraftment by reducing
both graft-versus-host and host-versus-graft reactions.
However, our data indicate that in the absence of CD3 cells,
the addition of G-PBMC–derived CD14 cells is not sufﬁ-
cient to facilitate engraftment in this model.
Dogs receiving transplants of marrow plus CD3-
depleted G-PBMCs received the largest number of CD34
cells, yet only 1 of 7 of these recipients developed stable
mixed chimerism. These data suggest that the larger num-
ber of CD34 cells provided by the G-PBMC product is also
not sufficient for facilitating engraftment. Clearly, T cells
are required; however, whether they alone are sufﬁcient is
not addressed by this study.
Clinical studies in humans have documented the role of
T cells in the engraftment of allogeneic cells after myeloab-
lative hematopoietic stem cell transplantations [29,30]. We
have also shown that after myeloablative conditioning,
T cell depletion of donor grafts in DLA-identical dogs was
associated with graft rejection [31,32]. The results of the
current study showed that the number of T cells is also
important to engraftment in the nonmyeloablated recipi-
ents. It is believed that donor T cells facilitate engraftment
by eliminating or suppressing host lymphocytes [33]. How-
ever, which subset of human or canine T cells contains the
engraftment-facilitating cells is not yet clearly determined
[34-37]. T lymphocytes capable of facilitating engraftment
without causing GVHD have been identiﬁed in the mouse
model as the Tc type 2 subset of CD8+ cells [38,39].
In the current study, all 3 groups contained dogs that
rejected their grafts and dogs that developed stable mixed
chimerism. Intragroup differences in the number of CD3,
CD14, and CD34 cells do not explain these ﬁndings. The
results of blood CSP monitoring (data not shown) indicated
that there were no significant differences in the degree of
recipients’ pharmacological immunosuppression. Therefore,
other factors in addition to T-cell number, such as the
degree of disparity in minor histocompatibility antigens or
yet-undefined differences in the cell composition of the
graft, may also inﬂuence donor cell engraftment in nonmye-
loablated recipients.
We conclude that the cell composition of hematopoietic
stem cell grafts appears to affect donor cell engraftment in
nonmyeloablated canine recipients. The addition of G-PBMCs
to cryopreserved marrow grafts replaced the requirement of
MMF and 100 cGy of TBI to achieve stable mixed chimerism.
G-CSF–mobilized T cells were required, whereas additional
CD14 and CD34 cells were not sufﬁcient.
ACKNOWLEDGMENTS
This work was supported in part by grants DK51417,
DK56465, CA15704, and CA 78902 from the National Insti-
tutes of Health, DHHS, Bethesda, MD. J.M.Z is a postdoc-
toral fellow from the Department of Hematology, University
Medical School, Gdan´sk, Poland, and is also a recipient of
the International Fellowship for Young PhDs, awarded by
the Foundation for Polish Science, Warsaw, Poland. M-T.L.
is supported by a Lady Tata International Research Grant.
The authors are grateful to the technicians of the
Shared Canine Resources and of the Hematology and
Transplantation Biology Laboratories for their technical
assistance. We gratefully acknowledge John L. Wagner,
MD, James Works, Shenoa Creer, and Gretchen Jorg for
DLA typing. We thank Michelle Spector, DVM, who pro-
vided outstanding veterinary support. We owe special
thanks to Michael Kuo for his technical expertise in cell
selection. We are very grateful to Helen Crawford, Bonnie
Larson, Lori Ausburn, Rebecca Cruz, and Karen Carbon-
neau for their outstanding secretarial support. We are
indebted to Dr. Elizabeth C. Squiers, SangStat Medical
Corp., Menlo Park, CA, for the gift of oral cyclosporine and
to Amgen for the gift of recombinant canine G-CSF. Cyclo-
sporine (SangCya®, Cyclosporine Oral solution) was gener-
ously provided by SangStat, Fremont, CA.
REFERENCES
1. Champlin RE, Schmitz N, Horowitz MM, et al. Blood stem cells
compared with bone marrow as a source of hematopoietic cells for
allogeneic transplantation. Blood. 2000;95:3702-3709.
Table 2. Duration of Mixed Chimerism in Dogs Receiving Hematopoietic Stem Cell Grafts From DLA-Identical Littermates After 100 cGy TBI and Post-
transplantation Immunosuppression With CSP
No. Dogs No. Dogs with Sustained Duration of
Group Studied Allografts/No. Studied Chimerism, weeks P*
Group 1: control† 9 2/9 8, 8, 10, 10, 11, 12, 17, >30, >37 —
Group 2: +G-PBMC 8 5/8 9, 13, 18, >30, >34, >68, >70, >70 .06
Group 3: +CD3 depleted 7 1/7 9, 10, 12, 14, 18, 18, >28 .70
*Log-rank test; results in each study group (groups 2 and 3) were compared to those of controls (group 1). For comparison between groups 2
and 3, P = .08.
†The control group received cryopreserved marrow only. The experimental groups received the indicated G-PBMC population in addition to
the cryopreserved marrow. All recipients received 100 cGy TBI for conditioning and were treated with cyclosporine A at a dose of 15 mg/kg b.i.d.
from day –1 to day 35.
J.M. Zaucha et al.
618
2. Bensinger WI, Martin PJ, Storer B, et al. Transplantation of bone
marrow as compared with peripheral-blood cells from HLA-iden-
tical relatives in patients with hematologic cancers. N Engl J Med.
2001;344:175-181.
3. Blaise D, Kuentz M, Fortanier C, et al. Randomized trial of bone
marrow versus lenograstim-primed blood cell allogeneic trans-
plantation in patients with early-stage leukemia: a report from the
Société Française de Greffe de Moelle. J Clin Oncol. 2000;18:537-
571.
4. Schmitz N, Beksac M, Hasenclever D, et al. A randomised study
from the European Group for Blood and Marrow Transplanta-
tion comparing allogeneic transplantation of ﬁlgrastim-mobilised
peripheral blood progenitor cells with bone marrow transplanta-
tion in 350 patients (pts) with leukemia [abstract]. Blood. 2000;
96(pt 1):481a. Abstract 2068.
5. Gyger M, Stuart RK, Perreault C. Immunobiology of allogeneic
peripheral blood mononuclear cells mobilized with granulocyte-
colony stimulating factor [review]. Bone Marrow Transplant.
2000;26:1-16.
6. Zeng D, Dejbakhsh-Jones S, Strober S. Granulocyte colony-
stimulating factor reduces the capacity of blood mononuclear cells
to induce graft-versus-host disease: impact on blood progenitor
cell transplantation. Blood. 1997;90:453-463.
7. Sandmaier BM, Storb R, Santos EB, et al. Allogeneic transplants
of canine peripheral blood stem cells mobilized by recombinant
canine hematopoietic growth factors. Blood. 1996;87:3508-3513.
8. Bensinger WI, Clift R, Martin P, et al. Allogeneic peripheral
blood stem cell transplantation in patients with advanced hemato-
logic malignancies: a retrospective comparison with marrow
transplantation. Blood. 1996;88:2794-2800.
9. Körbling M, Przepiorka D, Huh YO, et al. Allogeneic blood stem
cell transplantation for refractory leukemia and lymphoma: poten-
tial advantage of blood over marrow allografts. Blood. 1995;85:
1659-1665.
10. Schmitz N, Dreger P, Suttorp M, et al. Primary transplantation
of allogeneic peripheral blood progenitor cells mobilized by ﬁl-
grastim (granulocyte colony-stimulating factor). Blood. 1995;85:
1666-1672.
11. Pan L, Delmonte J Jr, Jalonen CK, Ferrara JLM. Pretreatment of
donor mice with granulocyte colony-stimulating factor polarizes
donor T lymphocytes toward type-2 cytokine production and
reduces severity of experimental graft versus host disease. Blood.
1995;86:4422-4429.
12. Sloand EM, Kim S, Maciejewski JP, et al. Pharmacologic doses of
granulocyte colony-stimulating factor affect cytokine production
by lymphocytes in vitro and in vivo. Blood. 2000;95:2269-2274.
13. Reyes E, García-Castro I, Esquivel F, et al. Granulocyte
colony-stimulating factor (G-CSF) transiently suppresses mitogen-
stimulated T-cell proliferative response. Br J Cancer. 1999;80:
229-235.
14. Ageitos AG, Varney ML, Bierman PJ, Vose JM, Warkentin PI,
Talmadge JE. Comparison of monocyte-dependent T cell
inhibitory activity in GM-CSF vs G-CSF mobilized PSC prod-
ucts. Bone Marrow Transplant. 1999;23:63-69.
15. Tanaka J, Mielcarek M, Torok-Storb B. Impaired induction of
the CD28-responsive complex in granulocyte colony-stimulating
factor mobilized CD4 T cells. Blood. 1998;91:347-352.
16. Mielcarek M, Martin P, Torok-Storb B. Suppression of alloanti-
gen-induced T-cell proliferation by CD14+ cells derived from
granulocyte colony-stimulating factor (G-CSF)-mobilized periph-
eral blood mononuclear cells. Blood. 1997;89:1629-1634.
17. Mielcarek M, Graf L, Johnson G, Torok-Storb B. Production of
interleukin-10 by granulocyte colony-stimulating factor-mobilized
blood products: a mechanism for monocyte-mediated suppression
of T cell proliferation. Blood. 1998;92:215-222.
18. Storb R, Yu C, Wagner JL, et al. Stable mixed hematopoietic
chimerism in DLA-identical littermate dogs given sublethal total
body irradiation before and pharmacological immunosuppression
after marrow transplantation. Blood. 1997;89:3048-3054.
19. Wagner JL, Burnett RC, DeRose SA, Francisco LV, Storb R,
Ostrander EA. Histocompatibility testing of dog families with
highly polymorphic microsatellite markers. Transplantation. 1996;
62:876-877.
20. Wagner JL, Burnett RC, Works JD, Storb R. Molecular analysis
of DLA-DRBB1 polymorphism. Tissue Antigens. 1996;48:554-561.
21. Ladiges WC, Storb R, Graham T, Thomas ED. Experimental
techniques used to study the immune system of dogs and other
large animals. In: Gay WI, Heavener JE, eds. Methods of Animal
Experimentation. New York, NY: Academic Press; 1989:103-133.
22. Storb R, Raff RF, Graham T, et al. Marrow toxicity of fraction-
ated versus single dose total body irradiation is identical in a
canine model. Int J Radiat Oncol Biol Phys. 1993;26:275-283.
23. Consensus document: Hawk’s Cay meeting on therapeutic drug
monitoring of cyclosporine. Transplant Proc. 1990;22:1357-1361.
24. Georges GE, Storb R, Brunvand MW, et al. Canine T cells trans-
duced with a herpes simplex virus thymidine kinase gene: a model
to study effects on engraftment and control of graft-versus-host
disease. Transplantation. 1998;66:540-544.
25. McSweeney PA, Rouleau KA, Wallace PM, et al. Characteriza-
tion of monoclonal antibodies that recognize canine CD34. Blood.
1998;91:1977-1986.
26. Krizanac-Bengez L, Moore PF, Barsoukov A, Sandmaier BM.
The expression and differentiation pattern of cell antigens and
adhesion molecules on the nonadherent cell population in canine
long-term marrow culture: a biphasic development of myeloid
and lymphoid cells. Tissue Antigens. 1998;51:141-155.
27. Yu C, Ostrander E, Bryant E, Burnett R, Storb R. Use of (CA)n
polymorphisms to determine the origin of blood cells after allo-
geneic canine marrow grafting. Transplantation. 1994;58:701-706.
28. Storb R, Raff RF, Deeg HJ, et al. DLA-identical marrow grafts
after low-dose total-body irradiation: addition of viable donor
peripheral blood mononuclear cells does not enhance engraft-
ment. Transplantation. 1995;59:1481-1503.
29. Martin PJ, Hansen JA, Torok-Storb B, et al. Graft failure in
patients receiving T cell-depleted HLA-identical allogeneic mar-
row transplants. Bone Marrow Transplant. 1988;3:445-456.
30. Patterson J, Prentice HG, Brenner MK, et al. Graft rejection fol-
lowing HLA-matched T-lymphocyte depleted bone marrow
transplantation. Br J Haematol. 1986;63:221-230.
31. Raff RF, Severns E, Storb R, et al. L-leucyl-L-leucine methyl ester
treatment of canine marrow and peripheral blood cells: inhibition
of proliferative responses with maintenance of the capacity for
autologous marrow engraftment. Transplantation. 1988;46:655-660.
32. Raff RF, Severns EM, Storb R, et al. Studies of the use of L-
leucyl-L-leucine methyl ester in canine allogeneic marrow trans-
plantation. Transplantation. 1993;55:1244-1249.
33. Martin PJ. The role of donor lymphoid cells in allogeneic marrow
engraftment. Bone Marrow Transplant. 1990;6:283-289.
34. Lapidot T, Lubin I, Terenzi A, Faktorowich Y, Erlich P, Reisner
Y. Enhancement of bone marrow allografts from nude mice into
mismatched recipients by T cells void of graft-versus-host activ-
ity. Proc Natl Acad Sci U S A. 1990;87:4595-4599.
Facilitating Mixed Chimerism in Nonmyeloablative Recipients
619B B & M T
35. Martin PJ. Donor CD8 cells prevent allogeneic marrow graft
rejection in mice: potential implications for marrow transplanta-
tion in humans. J Exp Med. 1993;178:703-712.
36. Kusnierz-Glaz CR, Still BJ, Amano M, et al. Granulocyte colony-
stimulating factor-induced comobilization of CD4-CD8- T cells
and hematopoietic progenitor cells (CD34+) in the blood of nor-
mal donors. Blood. 1997;89:2586-2595.
37. van Rhee F, Jiang Y-Z, Vigue F, et al. Human G-CSF-mobilized
CD 34-positive peripheral blood progenitor cells can stimulate
allogeneic T-cell responses: implications for graft rejection in
mismatched transplantation. Br J Haematol. 1999;105:1014-1024.
38. Fowler DH, Whitﬁeld B, Livingston M, Chrobak P, Gress RE.
Non-host-reactive donor CD8+ T cells of Tc2 phenotype
potently inhibit marrow graft rejection. Blood. 1998;91:4045-4050.
39. Waller EK, Ship AM, Mittelstaedt S, et al. Irradiated donor
leukocytes promote engraftment of allogeneic bone marrow in
major histocompatibility complex mismatched recipients without
causing graft-versus-host disease. Blood. 1999;94:3222-3233.
